Abstract: Whipple disease (WD) is a rare multisystemic infection with a protean clinical presentation. The central nervous system (CNS) is involved in 3 situations: CNS involvement in classic WD, CNS relapse in previously treated WD, and isolated CNS infection. We retrospectively analyzed clinical features, diagnostic workup, brain imaging, cerebrospinal fluid (CSF) study, treatment, and follow-up data in 18 patients with WD and CNS infection.
a protean clinical presentation. The central nervous system (CNS) is involved in 3 situations: CNS involvement in classic WD, CNS relapse in previously treated WD, and isolated CNS infection. We retrospectively analyzed clinical features, diagnostic workup, brain imaging, cerebrospinal fluid (CSF) study, treatment, and follow-up data in 18 patients with WD and CNS infection.
Ten men and 8 women were included with a median age at diagnosis of 47 years (range, 30Y56 yr). The median follow-up duration was 6 years (range, 1Y19 yr). As categorized in the 3 subgroups, 11 patients had classic WD with CNS involvement, 4 had an isolated CNS infection, and 3 had a neurologic relapse of previously treated WD. CNS involvement occurred during prolonged trimethoprim-sulfamethoxazole (TMP-SMX) treatment in 1 patient with classic WD.
The neurologic symptoms were various and always intermingled, as follows: confusion or coma (17%) related to meningo-encephalitis or status epilepticus; delirium (17%); cognitive impairment (61%) including memory loss and attention defects or typical frontal lobe syndrome; hypersomnia (17%); abnormal movements (myoclonus, choreiform movements, oculomasticatory myorhythmia) (39%); cerebellar ataxia (11%); upper motor neuron (44%) or extrapyramidal symptoms (33%); and ophthalmoplegia (17%) in conjunction or not with progressive supranuclear palsy. No specific pattern was correlated with any subgroup.
Brain magnetic resonance imaging (MRI) revealed a unique focal lesion (35%), mostly as a tumorlike brain lesion, or multifocal lesions (23%) involving the medial temporal lobe, midbrain, hypothalamus, and thalamus. Periventricular diffuse leukopathy (6%), diffuse cortical atrophy (18%), and pachymeningitis (12%) were observed. The spinal cord was involved in 2 cases. MRI showed ischemic sequelae at diagnosis or during follow-up in 4 patients. Brain MRI was normal despite neurologic symptoms in 3 cases. CSF cytology was normal in 62% of patients, whereas Tropheryma whipplei polymerase chain reaction (PCR) analysis was positive in 92% of cases with tested CSF. Periodic acidYSchiff (PAS)-positive cells were identified in cerebral biopsies of 4 patients.
All patients were treated with antimicrobial therapy for a mean duration of 2 years (range, 1Y7 yr) with either oral monotherapy (TMP-SMX, doxycycline, third-generation cephalosporins) or a combination of antibiotics that sometimes followed parenteral treatment with beta-lactams and aminoglycosides. Eight patients also received hydroxychloroquine.
At the end of follow-up, the clinical outcome was favorable in 14 patients (78%), with mild to moderate sequelae in 9. Thirteen patients (72%) had stopped treatment for an average time of 4 years (range, 0.7Y14 yr). Four patients had clinical worsening despite antimicrobial therapy; 2 of those died following diffuse encephalitis (n = 1) and lung infection (n = 1).
In conclusion, the neurologic manifestations of WD are diverse and may mimic almost any neurologic condition. Brain involvement may occur during or after TMP-SMX treatment. CSF T. whipplei PCR analysis is a major tool for diagnosis and may be positive in the absence of meningitis. Immune reconstitution syndrome may occur in the early months of treatment. Late prognosis may be better than previously reported, as a consequence of earlier diagnosis and a better use of antimicrobial therapy, including hydroxychloroquine and doxycycline combination.
INTRODUCTION
W hipple disease (WD) is a rare systemic chronic infection caused by the soil-borne gram-positive bacillus Tropheryma whipplei (T. whipplei). 20 Clinical presentation is typically dominated by gastrointestinal symptoms, weight loss, and joint involvement. 7, 23 The diagnosis of WD involves a combination of pathology and molecular microbiology. T. whipplei-infected macrophages contain sickle-form particles that stain positive with periodic acidYSchiff (PAS). Immunochemistry with specific antibodies against T. whipplei may also be used. Polymerase chain reaction (PCR) analysis can be performed with any body tissue or fluid using broad-range primers for amplification of the 16S ribosomal ribonucleic acid (rRNA) gene or the intergenic region of the 16s-23s rRNA; PCR is followed by sequencing of the amplified product. Fluorescence in situ hybridization in tissue specimens and cultivation of T. whipplei on human fibroblast cell lines may also be performed in specialized laboratories. 13 Central nervous system (CNS) involvement is a classic feature of WD. 23 The neurologic manifestations of the disease are diverse and can mimic almost any neurologic condition. 17, 24 Neurologic manifestations occur in 3 circumstances: CNS relapse of previously treated classic WD (that is, with microscopic lesions in the gastrointestinal tract), neurologic involvement in untreated classic WD, and isolated neurologic symptoms (that is, without histologic evidence of intestinal involvement) due to T. whipplei.
In the current study, we retrospectively analyzed clinical data, brain imaging, cerebrospinal fluid (CSF) analysis, and longterm follow-up in 18 cases of WD with CNS involvement.
PATIENTS AND METHODS
We included 18 patients with WD who were followed between 1989 and 2007 in the departments of Internal Medicine, Infectious Diseases, Rheumatology, and Neurology in France and Belgium. Six cases have already been published, mostly as single case reports with a short follow-up. 1, 6, 8, 14, 17, 19 All patients had 1) microscopic lesions characteristic of the disease on tissues stained with PAS and/or the presence of T. whipplei DNA, as assessed by positive PCR of tissues or body fluids; and 2) clinical neurologic symptoms or proven meningeal involvement, with or without other manifestations of the disease. 5, 10, 12 We analyzed demographic characteristics, clinical symptoms and signs associated with WD, imaging, diagnostic workup, treatment, and follow-up data. Notably, various PCR assays targeting the 16S bacterial RNA gene and other specific T. whipplei sequences were applied following technical improvements over time. 12 Approval from an institutional review board was not required for this human noninterventional study. For ethical considerations, however, patients were informed that data collected in their medical records might be used for research study in accordance with privacy rules and ethical guidelines of the 1975 Declaration of Helsinki.
CASE PRESENTATION Case 1: CNS Relapse in Previously Treated Classic WD
A 65-year-old man presented with unilateral uveitis and diarrhea. A vitrectomy was performed and revealed foamy macrophages with slender, rod-shaped structures that tested positive on PAS staining. WD was confirmed by immunochemistry and PCR in vitreous and duodenal biopsy. 6 The CSF was normal, and T. whipplei PCR in CSF was negative. The patient was treated with trimethoprim-sulfamethoxazole (TMP-SMX) and recovered completely.
Four years later, the patient displayed cognitive disorder, hypersomnia, and extrapyramidal symptoms including tremor, dyskinesia, postural instability, and facial bradykinesia. At that time he was still receiving TMP-SMX. Laboratory findings were normal. Brain magnetic resonance imaging (MRI) revealed diffuse cortical atrophy. CSF cytology was normal but T. whipplei PCR was positive, proving the neurologic relapse of WD despite antibiotic treatment. 14 TMP-SMX was switched for doxycycline and hydroxychloroquine. PCR in CSF was controlled negative after 6 months of treatment. Duodenal biopsy done after 1 year of treatment still showed PAS-positive macrophages despite a negative PCR assay. Hydroxychloroquine was stopped after 1 year. Tremor and dyskinesia slowly improved, but mild cognitive impairment and postural instability persisted after 4 years of doxycycline treatment.
Case 2: Isolated CNS T. whipplei Infection
A 44-year-old man, without previous medical history, presented with cerebellar ataxia and upper motor neuron symptoms. He had no fever, weight loss, or gastrointestinal or joint symptoms. Laboratory tests, thoraco-abdominal computed tomography (CT), and brain MRI were normal. A lumbar puncture was performed and revealed lymphocytic meningitis with 25 cells/mm 3 and mild protein level (0.6 g/L). As his neurologic condition rapidly worsened with cognitive impairment, memory loss, and attention deficit, antituberculosis therapy was started. Because neurologic symptoms had not improved after 4 months, lumbar puncture was repeated and revealed 2 cells/mm 3 . T. whipplei PCR was positive in CSF. The patient refused digestive endoscopy.
Treatment with TMP-SMX, doxycycline, and hydroxychloroquine was started. After 1 month of treatment, the patient's walking and motor coordination slowly improved. One year later, CSF analysis was normal and T. whipplei PCR was negative. After 3 years of treatment, neurologic status had globally improved, although the patient was still unable to work because of persistent attention deficit and cerebellar symptoms.
RESULTS

Patient Characteristics
The study included 18 patients with WD with neurologic involvement. Ten patients (56%) were male. The age range at diagnosis was 30Y56 years (median age, 47 yr).
Eleven patients had classic WD with neurologic involvement. Four patients had isolated brain infections without intestinal tract involvement (including Case 2). Three patients had a neurologic relapse of previously treated classic WD (including Case 1). In 2 of the relapse cases, the relapse was observed while antimicrobial therapyVincluding TMP-SMXVhad been stopped for more than 1 year. One patient relapsed under TMP-SMX at 4 years after treatment initiation (Case 1).
11
Clinical Manifestations
All 14 patients with classic WD (11 classic patients plus 3 relapse patients) had weight loss (100%), and 5 (35%) had fever (mean temperature, 38-C; range, 37.8Y38.5-C). In the 4 patients with isolated CNS infections, mild weight loss was present in 2 cases (50%).
Gastrointestinal signs were noted in 11 of the 14 patients (78%), all with classic WD: diarrhea (9/11; 82%), hepatomegaly (4/11; 36%), moderate abdominal pain (1/11; 9%), and splenomegaly (1/11; 9%).
Rheumatic symptoms were noted in 8 of the 14 patients (57%): transient, recurring and grossly symmetric polyarthralgia (6/8; 75%), nonerosive polyarthritis (4/8; 50%), monoarthritis of the knee (1/8; 12,5%), lumbar pain (1/8; 12,5%), and bilateral sacroiliitis (3/8; 37,5%).
Unilateral uveitis occurred in 2 patients (including Case 1). Dry cough was present in 2 patients. Hyperpigmentation was noted in 2 cases.
Neurologic Manifestations
The CNS symptoms were various and always intermingled (Table 1) . Only 2 patients had no neurologic symptoms; both patients had classic WD.
For 1 patient, CNS symptoms occurred 3 months before the other features of the disease. Neurologic symptoms occurred as an early-onset manifestation of the disease in 5 cases, or 1Y10 years after the first manifestation of untreated classic WD in 5 cases. The average time between the first symptom and diagnosis of WD was 2 years (range, 1 mo to 11 yr).
Confusion or coma occurred in 3 patients (17%) and was related to acute meningo-encephalitis (n = 1) or status epilepticus (n = 2). Delirium was observed in 3 cases (17%). Eleven patients (61%) had cognitive impairment including memory loss and attention defects, and 3 patients had typical frontal lobe syndrome. Three patients had hypersomnia (17%).
Abnormal movements were observed in 7 cases (39%) and included myoclonus (n = 2), choreiform movements (n = 2), and oculomasticatory myorhythmia (n = 3). No patient had oculo-facial-skeletal myorhythmia. Two patients presented with cerebellar ataxia. Upper motor neuron disorder was noted in 8 patients (44%) with motor deficiency in 4 patients (22%) including hemiplegia (n = 2) and paraplegia (n = 2). Extrapyramidal symptoms were observed in 6 patients (33%).
Ophthalmoplegia occurred in 3 patients (17%), in conjunction with progressive supranuclear palsy in 2 cases. No patient had peripheral nervous system involvement. The distribution of CNS symptoms in the classic WD, WD relapse, and isolated CNS infection subgroups is shown in Figure 1 .
Brain Magnetic Resonance Imaging
Brain MRI data were available for 17 patients. The MRI was normal in 3 cases despite neurologic symptoms including cognitive defects, extrapyramidal symptoms, oculomotor nerve palsy, or abnormal movements (Case 2).
In 6 patients, MRI revealed a unique focal lesion involving the temporal lobe, fronto-temporal lobe, pituitary gland, or brainstem with high T2 signal intensity, which was most evident on fluid-attenuated inversion recovery (FLAIR) sequences. Contrast enhancement on T1-weighted sequences was observed in 3 patients. In 3 cases, the focal lesion was described as a pseudotumoral mass.
In 4 cases, multifocal T2-weighted high signal lesions were observed in the brainstem, temporal lobe, and periventricular white matter. Two patients presented with periventricular diffuse leukopathy, and 3 patients had diffuse cortical atrophy. Isolated major dilatation of ventricles was observed in 1 case. In 2 patients, MRI revealed pachymeningitis.
The spinal cord was involved in 2 cases with FLAIR and T2-weighted high signal lesions in the white matter. It is noteworthy that 2 patients had ischemic sequelae in the cerebellum at diagnosis.
The distribution of brain MRI lesions in the classic WD, WD relapse, and isolated CNS infection subgroups is shown in Table 2 . Examples of brain MRI patterns are shown in Figure 2 .
Diagnosis
The average time between the first symptom and diagnosis of WD was 2 years (range, 1 mo to 11 yr). The WD diagnosis 
Cerebrospinal Fluid
A lumbar puncture was performed in 16 patients. In 6 cases, CSF analysis showed lymphocytic meningitis with 5Y335 cells/mm 3 , which was associated with high protein levels in 3 cases. The PCR analysis for T. whipplei was positive in 4 cases.
In 10 patients, the white cell count in CSF was normal, whereas the protein level was high in 4 cases. Despite a normal cytologic analysis, the CSF was PCR positive for T. whipplei in all tested cases (n = 7) (Case 2).
Overall, the CSF cytology was normal in 62% of patients (10/16), but T. whipplei DNA was found in 92% (11/12) of those tested. 
Abbreviations: AIM = abnormal involuntary movement, OMM = oculomasticatory myorhythmia, ONP = oculomotor nerve palsy. *Numbers represent the percentage of occurrence. 
Duodenal Biopsy
Gastro-duodenoscopy was performed in 17 patients. Duodenal tissue analysis provided a WD diagnosis in 14 patients. Duodenal histology showed PAS-positive cells associated with a PCR+ result for T. whipplei in 7 cases. The PCR assay was positive with negative PAS staining in 7 cases. No patients had positive PAS staining with a negative PCR analysis. Interestingly, PCR analysis for T. whipplei and PAS staining of duodenal biopsies were positive in 4 (23%) and 3 (17%) patients, respectively, with no digestive symptoms.
Cerebral Biopsy
A cerebral biopsy was performed in 4 patients. In 3 cases, there was a brain pseudotumor, and in 1 case, there were unexplained multifocal lesions. PAS-positive cells were observed in all cases. Electron microscopy was performed on brain specimens, with a positive diagnosis in 1 case (full data not available). T. whipplei PCR was not performed.
Of these 4 patients, 2 had isolated CNS disease.
Treatment
All patients were treated with antimicrobial therapy. The average treatment duration was 2 years (range, 1Y7 yr). Ten patients received monotherapy with TMP-SMX (n = 6), doxycycline (n = 2), or third-generation cephalosporins (n = 2). Eight patients were treated with a combination of the following antibiotics: TMP-SMX and tetracycline (n = 6); TMP-SMX and rifampicin (n = 1); or TMP-SMX, tetracycline, and thirdgeneration cephalosporins (n = 1). In 5 patients, oral treatments followed a 2-3 week combination of parenteral antibiotics with beta-lactams (amoxicillin 4 g 3 times per day, ceftriaxone 2 g twice or once daily) and aminoglycosides (streptomycin 1 g per day, amikacin 15 mg/kg once a day). Eight patients received hydroxychloroquine with the following: doxycycline (n = 1); TMP-SMX and doxycycline (n = 5); TMP-SMX, doxycycline, and cefixime (n = 1); or cefixime (n = 1). Three patients were treated with steroids. Dose, route, and duration of treatment are described in Table 3 .
Outcome
At the time of data collection, the median follow-up duration was 6 years (range, 1Y19 yr). Only 5 patients were still receiving antibiotics. Thirteen of the 18 patients (72%) had stopped treatment for an average time of 4 years (range, 0.7Y14 yr). Of the 7 patients treated by hydroxychloroquine and doxycycline, 1 relapsed. Of the 11 other patients, 3 relapsed, and 2 died.
Clinical Outcome
At the time of data collection, clinical improvement had been observed in 14 patients (78%). Five patients were in complete remission. Nine patients displayed mild to moderate neurologic sequelae such as central motor symptoms, abnormal movements, oculomotor palsy, and cognitive disorders.
Notably, 5 of these 14 patients had transient clinical worsening during treatment, without evidence of ongoing infection (T. whipplei PCR-negative CSF). It occurred in the first 2 months of antimicrobial treatment in 3 cases. Immune reconstitution syndrome (n = 1), resistance to TMP-SMX (n = 1), or TMP-SMX-related aseptic meningitis (n = 1) were suspected. TMP-SMX was switched for cefixime or doxycycline in 2 cases and improvement was eventually observed. Two patients had new neurologic symptoms (paraplegia, hemiplegia, sensory deficit) after 2 and 4 years of doxycycline alone and doxycycline with TMP-SMX, respectively. Clinical improvement was observed in both cases after corticosteroid treatment without antimicrobial therapy modification. Two of the 14 patients with prolonged clinical improvement had WD relapses after the discontinuation of antimicrobial treatment including TMP-SMX; these relapses were neurologic, with choreiform movements (n = 1), or digestive, with proved pulmonary involvement (n = 1). In both cases, the clinical symptoms eventually improved under treatment with thirdgeneration cephalosporins or TMP-SMX alone.
After a transient improvement, 4 patients displayed persistent clinical worsening under antimicrobial therapy including severe frontal lobe syndrome associated with refractory epilepsy (n = 2), persistent hemiplegia caused by a stroke (n = 1), or nosocomial pneumopathy (n = 1). Two patients were receiving TMP-SMX alone; 1 patient, third-generation cephalosporins alone; and 1, TMP-SMX with rifampicin. Two of these patients died because of diffuse encephalitis (n = 1) and pulmonary infection (n = 1).
Follow-Up Brain MRI
A follow-up brain MRI was available for 13 patients. In 7 patients, the MRI lesions normalized (n = 1), improved (n = 3), or stabilized (n = 3). For 3 patients, new lesions appeared despite clinical improvement; there were new high T2-weighted signals in cerebellum and lenticular nuclei (n = 1) and ischemic strokes (n = 2). In 3 cases, the MRI outcome paralleled clinical alterations with worsening of cerebellar and frontal atrophy (n = 1), expanding cystic lesions (n = 1), and ischemic stroke (n = 1).
CSF Follow-Up
CSF follow-up was available for 15 patients. In 8 cases, a lumbar puncture was performed because of clinical worsening despite antibiotic treatment, with only 2 cases eventually diagnosed as neurologic relapse. The CSF analysis showed meningitis in 63% (5/8) of cases. The PCR for T. whipplei was negative in all tested cases. Notably, the CSF T. whipplei PCR was not performed in the 2 cases diagnosed as neurologic relapse. The relapse was proven with cerebral biopsy in 1 case and with duodenal biopsy in the other case.
CSF analysis was also systematically performed in patients with clinical improvement. Overall, 25 lumbar punctures were performed between 1 and 72 months after the WD diagnosis. Although the PCR was negative in all cases, meningitis was observed in 24% (6/25) of patient CSF (5Y15 cells/mm 3 ).
DISCUSSION
Whipple disease is a bacterial, relapsing, chronic systemic disease with frequent CNS involvement that follows 3 distinct patterns: classic WD with neurologic involvement, isolated WD neurologic involvement, and neurologic relapse of previously treated WD. 12 Neurologic involvement is the third major manifestation of the disease (10%Y43% of patients).
7,23 WD rarely presents with isolated neurologic involvement (4%Y8%). 7, 16, 17, 23, 26 We report 18 cases of WD with CNS involvement, including 4 cases (22%) with isolated neurologic disease, with a median follow-up of 6 years.
The median age at onset was 47 years. Compared with series of patients with systemic WD, women were more frequently affected in the current study (44% of patients in the current study were women, compared with 27% of all classic WD patients). 7, 23 In a previous report, 7 the average delay between first symptoms and diagnosis was 72, 48, and 30 months for joint, digestive, and neurologic symptoms, respectively. In the current study, the average time to WD diagnosis was 24 months. It is noteworthy that the delay was only 2 months in patients with pseudotumoral brain lesions.
The neurologic symptoms were various, often complex, and intermingled, underscoring the wide brain tissue distribution of WD lesions. Cognitive changes, affecting 61% of patients, were always associated with other CNS symptoms. Other features included (in decreasing order of frequency): pyramidal and extrapyramidal signs, supranuclear ophthalmoplegia, headache and seizures, as reported elsewhere. 17, 24 Notably, 39% of patients had abnormal movements, suggesting the specific involvement of the basal ganglia, which is consistent with extrapyramidal symptoms. Sleep disorders, mostly hypersomnia, were also observed (17% of patients), and may be related to the hypothalamic involvement. Two patients had spinal cord involvement. A 2011 study 11 showed that progressive dementia and ataxia were significantly more frequent in patients with isolated T. whipplei encephalitis than in patients with classic WD with neurologic involvement. In the current study, the patterns of neurologic features did not differ between the subgroups of patients with untreated classic WD with CNS involvement, WD with isolated CNS involvement, and CNS relapse. Among the 18 patients with neurologic symptoms, 14 also had non-neurologic disease manifestations including diarrhea (64%) and joint (57%), eye (14%), or lung involvement (14%). In these 14 patients, duodenal biopsies exhibited PAS-positive macrophages and/or a positive result from T. whipplei PCR. It is noteworthy that duodenal biopsies sometimes provided a diagnostic clue without obvious clinical intestinal tract involvement. The lack of significant weight loss, a common manifestation of classic WD, observed in the 4 subjects with isolated CNS disease was consistent with the absence of digestive involvement. No patient had weight gain, as reported in several cases of isolated neurologic WD. 11 Brain MRI for diagnosis of CNS WD is more sensitive than a CT scan. 11 In the current study, brain MRI revealed a unique focal lesion (35%) or multifocal lesions (23%) with high signals for T2 and FLAIR sequences. In 4 cases, MRI disclosed a focal tumorlike brain lesion, which is a rare presentation of CNS WD. 11, 26, 30 As previously reported, lesions were present in the medial temporal lobe, midbrain, hypothalamus, and thalamus, with transient minimal enhancement and no restricted diffusion. 3, 26 Periventricular diffuse leukopathy, diffuse cortical atrophy, and pachymeningitis were observed in 6%, 18%, and 12% of patients, respectively, in the current study. The spinal cord was involved in 2 cases. Notably, 4 patients in the current retrospective study had ischemic sequelae on MRI at diagnosis or during follow-up. Ischemic lesions in CNS WD were rarely reported 9,27,28 and could be caused by emboli migrating from T. whipplei endocarditis. 2, 26 Alternatively, arterial or arteriolar fibrosis adjacent to chronic inflammation or a true vasculitic process could provoke ischemic lesions in WD. 28 Notably, the MRI was normal despite CNS symptoms in 17% of the patients in the current study.
In our study, CSF cytology was normal in more than 50% of cases at diagnosis. This frequency is approximately consistent with previous reports. 17, 24 Hence, normal CSF microscopic analysis cannot rule out neurologic involvement in WD. Although previously reported in half of the cases, PAS-positive cells were not present in CSF in the current study. 17 These 2 observations highlight the importance of the PCR assay for confirming CNS involvement in patients with WD. CSF was PCR positive in 92% (12/13) of current cases with data available, including cases with no meningitis. Moreover, T. whipplei DNA has also been detected in CSF in classic WD with no obvious clinical neurologic involvement. 31 However, in some cases documented by brain biopsy, CSF is PCR negative. 31 As observed in the current study, CSF analysis may indicate persistent or de novo mild meningitis in patients with improved CNS disease without further evidence of an ongoing infection. In such cases, meningitis could be related to the so-called immune reconstitution syndrome occurring in the early months of treatment. 21 Hence, PCR assay on CSFVand T. whipplei cultivation when feasibleV should be obtained in all WD patients at diagnosis or when a relapse is suspected.
The current recommended treatmentVwith agents that cross the blood-brain barrierVincludes a 2-week course of parenteral meropenem or ceftriaxone followed by 1 year of oral TMP-SMX. 15 However, trimethoprim and ceftriaxone may be ineffective in vitro against T. whipplei. 4 Moreover, secondary acquired resistance to sulfamethoxazole has been reported, 14, 22 which explains why CNS involvement occurred despite prolonged TMP-SMX treatment in 3 of our patients. In contrast, our data suggest that the combination of doxycycline and hydroxychloroquine is more efficient (Table 4) .
With previous reports of 46%-59% improvement in WD with CNS involvement, the prognosis of WD with neurologic complications is poor. 17, 22 The severity of the disease and the poor response to treatment explain why CNS involvement was a common cause of death in patients with WD. 29 In contrast, the current study shows improvement in 14 patients (78%), including 5 cases of complete remission with a median follow-up of 6 years. Moreover, only 2 patients (11%) died during the long-term follow-up, as compared to a reported death rate as high as 27%. 29 The discrepancies with previous series may be explained by earlier diagnosis with PCR and better use of antibiotics, including hydroxychloroquine, in the current series. 12, 18 In conclusion, the current retrospective study reveals some key information regarding neurologic involvement in WD. We found that the brain MRI may be normal and the PCR assay of CSF may be positive when the CSF cytology is normal (that is, no meningitis). The PAS staining and PCR assay may be positive in duodenal tissue in patients with WD and no digestive symptoms. CNS involvement may occur during TMP-SMX treatment. Transient clinical worsening, which is attributed to immune reconstitution syndrome, may occur in the early months of treatment. The late prognosis may be better than previously reported due to earlier diagnosis and better use of antimicrobial therapy, including the combination of hydroxychloroquine and doxycycline. 
